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Purpose: This is an analysis of early postcarotid endarterectomy (CEA) wall thickness in 
patients who have undergone bilateral operations with vein and Dacron patch reconstruc- 
tions. 
Methods: In the past 5 years 23 patients had staged bilateral CEA within 2 months with an 
autologous greater saphenous vein patch on one side and a knitted Dacron patch on the 
other. Duplex scans with adequate B-mode resolution to measure common carotid bulb 
total wall thickness were performed in all 23 patients during the first post-CEA year and 
in 12 patients in the post-CEA second year. 
Results: There were no hemodynamically detectable r stenoses by Doppler velocity crite- 
ria. All peak systolic velocities were -110  cm/sec. In the first post-CEA year the total 
wall thickness of the 23 vein patch CEA was 1.7 - 1.0 mm (mean + 1 SD; range, 0.6 to 
5.5 ram), and the total wall thickness of the 22 Dacron patch CEA was 1.7 + 1.1 mm 
(range, 0.6 to 6.1 mm, p = 0.93). In the second post-CEA year wall thickness was 2.1 + 
1.8 mm (range, 0.6 to 5.8 mm) in the vein patch arteries and 2.0 + 1.5 mm (range, 0.6 to 
5.4 mm, p = 0.91) in the Dacron patch arteries. Although wall thickness of both vein and 
Dacron patch CEA varied widely between patients, the within-patient absolute difference 
between the two sides was quite small, 0.1 -+ 0.3 mm in the first year and 0.2 + 0.5 mm 
in the second. With a 5% chance of a type I statistical error (0e = 0.05) to detect a0.5 mm 
difference in wall thickness between Dacron and vein patch CEA, the power of the paired 
ttest is >0.999, and the probability of a type II error, ~, is <0.001 (power = 1-~) in the 
first year. In the second year ~ = 0.34. Wall thickness was bilaterally eccentric in 17 
patients. The minimum thickness was in the patch wall, and the maximum was in the 
opposite ndarterectomized wall. It was circumferentially uniform in five patients with 
< 1 mm wall thickness. The single patient with significant bilaterally concentric wall 
thickness in the first year was the only one who had a marked increase in wall thickness 
between the first and second years. Wall thickness >2 mm was associated with continued 
smoking (p = 0.03). 
Conclusions: Post-CEA wall thickening ishighly patient-dependent but is patch material- 
independent. Knitted Dacron and saphenous vein patch reconstructed carotid arteries 
develop almost identical wall thickness in a given patient in the first 2 years after 
endarterectomy. These results support the use of knitted Dacron as an acceptable 
alternative to greater saphenous for a CEA patch. (J Vasc Surg 1997;25:554-60.) 
Patch angioplasty reconstruction of carotid end- 
arterectomy (CEA) is commonly performed either 
selectively or routinely. The most frequent patch 
materials used are autologous greater saphenous vein 
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and the synthetics Dacron and polytetrafluoroethyl- 
ene (PTFE). The optimal patch material, if there is 
one, remains to be established. Greater saphenous 
vein has the theoretic advantages of  being autolo- 
gous and having an endothelial surface. Saphenous 
vein patches have been shown in animal studies to 
decrease surface thrombogenicity of the healing end- 
arterectomized artery when compared with primary 
closure. ~ Platelet deposition is less on both the patch 
and endarterectomized surfaces of saphenous vein 
patch reconstructed arteries than on those performed 
with Dacron and PTFE patches) Greater saphenous 
vein is easy to handle and has good hemostasis. 
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Prosthetic patches are reported to be more prone to 
infection and thrombosis, although the incidence is 
low, a and to have a propensity for bleeding. 4 The 
major disadvantage of saphenous vein is patch rup- 
ture, which has an incidence of approximately 1%. 5-s 
However, veins with diameters ->3.5 mm have a 
minimum risk of rupture. 9,~° Minor disadvantages of 
saphenous vein patches are harvest wound discom- 
fort, healing problems, and the possible need for 
future use. 
Both synthetics and saphenous vein patch CEA 
reconstructions have acceptable similar perioperative 
neurologic event and restenosis outcomes. 1>~4 
However, many studies do not contain sufficient 
numbers to exclude atype II statistical error. Because 
acceptable outcomes for CEA are <5% and more 
reasonably 3%, 30-day stroke and mortality rate, an 
occasional technical misadventure or a less than opti- 
mal decision can greatly influence outcome. Because 
of  this it is difficult o answer questions uch as shunt 
versus no shunt, patch versus no patch, general ver- 
sus regional anesthesia. It has been estimated that 
444 CEAs in each arm of  a randomized study are 
needed to determine whether there is an outcome 
advantage with saphenous vein or synthetics for a 
CEA patch} 5The large number is necessary because 
outcomes uch as the incidence of  internal carotid 
thrombosis, troke, and significant recurrent stenosis 
are infrequent, are measured on a nominal scale, and 
must be analyzed by nonparametric statistical meth- 
ods. In addition, patient-derived systemic risk factors 
play a major role in CEA restenosis} 6 This factor 
makes comparison of  results between patients diffi- 
cult, even if two or more groups are matched for risk 
factors. Restenosis measurements with interval data 
can be analyzed with parametric statistical methods, 
and accordingly the necessary sample size is much 
smaller. The results presented herein are unique in 
that they allow within-patient analysis of post-CEA 
common carotid bulb total wall thickness of paired 
reconstructions performed with greater saphenous 
vein on one site and knitted Dacron on the other. 
PAT IENTS AND METHODS 
Between 1990 and 1995, 91 patients underwent 
bilateral primary CEA by the author. Of  these, 26 
had one side reconstructed with an autologous 
greater saphenous vein patch and the other with a 
knitted Dacron patch within 2 months. Of these, the 
23 who had at least one postoperative duplex scan 
acceptable on both sides for measurement of  carotid 
bulb total wall thickness, as described in the follow- 
ing text, form the basis of  this report. All 23 patients 
had vein patch reconstruction at the first CEA. The 
reason for not using a vein at the second CEA varied. 
Early in this period four patients had concomitant 
CEA and coronary artery bypass with insufficient vein 
for use as a patch at the second CEA. Another 11 
patients did not wish to have another leg incision. In 
the past 2 years a Dacron patch was used to recon- 
struct he second CEA at the author's discretion. All 
Dacron patches were knitted, and the latter 14 were 
precut 8 mm wide (Hemoshield, Meadox Medical 
Inc, Oaldand, N.J.). 
Operative technique. All operations were per- 
formed with the patients under general anesthesia by 
the author. All vein and Dacron patches were sutured 
with 6-0 polypropylene (Prolene, Ethicon, Some> 
viHe, N.J.). All greater saphenous veins used as a 
patch had a distended iameter ->3.5 mm. When the 
vein diameter was >5 mm, the patch was trimmed. 
Both types of materials were tailored to provide a 
gradually tapered patch, resulting in a carotid bulb 
that was very close to the dimensions of the preoper- 
ative artery except for elongation of the internal ca- 
rotid bulb segment because of the arteriotomy 
length and a more round common carotid bulb. I7 
Dacron patches were trimmed and tapered to a max- 
imum width of 8 mm. No tacking sutures were used 
or necessary at any of the internal carotid end points. 
The patch was begun 5 to 6 mm proximal to the 
common carotid step-end point in all CEA. 18 Of  the 
46 CEA, 14 (30%) had eversion plication shortening 
of  the endarterectomized internal carotid bulb, 17 and 
10 (22%) had inversion plication reconstruction of  
the endarterectomy produced common carotid steps 
->2 mm. 18 Carotid dimensions were measured ur- 
ing surgery before and after CEA. 17,19 All patients 
were placed on or continued on aspirin after surgery. 
Patient demographics. There were 15 men and 
8 women with a mean age of 66 years (SD, 5 years). 
Risk factors included hypertension i 18 (78%), cor- 
onary artery disease in 19 (83%), previous cigarette 
smoldng in 9 (39%), continued cigarette smoking in 
9 (39%), and diabetes mellitus in 6 (26%). The mean 
serum cholesterol was 234 (SD = 34). 
Wall thiclmess measurements. All duplex scans 
were performed by one of two experienced (21 years) 
RNs, certified technologists with a color flow duplex 
machine with a 7 mm Hg linear array transducer (S 
Mark 8, Advanced Technology Laboratory, Both- 
die, Wash.). Having routinely measured postopera- 
tive carotid wall thiclmess for 9 years, 2° we have 
found that the common carotid bulb is much easier 
to study than the internal carotid segment because of 
changes in the flow streamlines and the wall geome- 
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Fig. 1. A, Cross-sectional B-mode ultrasound scan of common carotid bulb 7 months after 
CEA shows eccentric wall thickening. Maximum thickness is on endarterectomized wall oppo- 
site the patch. B, Concentric wall thickening in patient 22 (Figs. 2, 3) in second post-CEA year. 
try in the internal carotid segment. We attempt o 
precisely and accurately measure internal carotid 
bulb wall thickness in all patients, but only a few in 
this study had acceptable data, too few for useful 
analysis. Measurements were made approximately 1 
cm distal to the endarterectomy-produced common 
carotid step to differentiate between myoinrimal hy- 
perplasia t the step itself. 18 Attempts were made to 
accurately obtain cross-sections at 90 degrees to the 
mainstream axis. The B-mode ultrasound images 
were displayed, and the curser was used to measure 
total wall thickness at its maximum location and at 
approximately 90-degree segments relative to this. 
The general tendency toward eccentric or concentric 
wall thickening and the location of the maximum 
wall thickness relative to the patch wall were noted. 
Data were stored on cassette tape. Image structure 
clarity was sufficient o allow accurate measurement 
of wall thickness in at least one study in all 23 pa- 
tients in the first post-CEA year and in 12 of these in 
the second year. The surveillance protocol we use for 
all patients undergoing CEA is a duplex scan at 4 
weeks, 6 months, 1 year, and annually. This schedule 
is not tightly held to in general because of schedul- 
ing, patient decisions as to when to come, and other 
factors. In this study the protocol was more scattered 
because of the 1- to 2-month difference in CEA 
dates. The results reported herein were obtained 
from 3 months for the first CEA to i0 months for 
the second CEA (first year) and 12 to 21 months 
(second year). The mean first-year study was 6.6 
months and the second year 14.3 months. Four pa- 
tients had more than one acceptable study in the first 
year after CEA, and the wall thickness values were 
averaged. 
Statistical analysis. All data were prospectively 
stored in a computer file. The percent difference 
between two variables A and B was calculated as 
[2(A - B) / (A  + B)]100. The percent increase in a 
variable A from time 1 to rime 2 was calculated as [A 2 
- A1)/Ax ] 100. Analysis was by paired and unpaired 
t tests and multivariant analysis with JMP statistical 
software (SAS Institute, Cary, N.C.). All values are 
mean + 1 SD. 
RESULTS 
No perioperative or late deaths, strokes, or signif- 
icant morbidity occurred in this group of patients. 
No true or false aneurysms were identified by duplex 
scanning. In Fig. 1 are cross-section B-mode scans 
demonstrating the commonly observed eccentric 
wall thickening in A and marked concentric thicken- 
ing in B. In the first year vein patch carotid arteries 
had a wall thickness of 1.73 + 1.00 mm (mean +1 
SD; range, 0.6 to 5.5 mm), and Dacron-patched 
arteries had a wall thickness of 1.71 + 1.08 mm 
(range, 0.6 to 6.1 mm; p = 0.93 by paired ttest; p = 
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Fig. 2. Wall thickness of common carotid bulb in first year after 46 CEA in 23 patients with 
paired greater saphenous vein and Dacron patches. 
0.92 by unpaired t test). Fig. 2 shows the paired by 
patient carotid wall thickness in ascending magni- 
tude. Although there is a wide variation in wall thick- 
ness between patients, the absolute difference be- 
tween vein and Dacron patch arteries within patients 
was quite small, -0 .03 + 0.34 mm (p -- 0.91 by 
paired t test). This is the most important statistical 
analysis in this study, because the design allows a 
paired t test of within-patient differences in wall 
thickness. The mean difference in wall thickness is 
very small, approaching zero, and accordingly the 
power of the test is very low as it would be for any 
study demonstrating a very small difference between 
two samples relative to the standard eviation of the 
population. Given the reported 0.4 to 0.5 mm reso- 
lution of the ultrasound equipment and the slightly 
less intraobserver and between-observer variability, 
the best one can hope for is an approximate 0.5 mm 
detection level. Thus for a 0.05 probability of finding 
a difference between the two type patches (type I 
error, c~ = 0.05) and detection level of 0.5 mm, the 
power of the t test for 23 samples is >0.999, or the 
chance of a type II error [3 is <0.001 (power = 1-13) 
in the first year. 21 In the second.year the [3 value for 
12 samples is 0.34. Viewed another way, the percent 
within-patient difference in wall thickness between 
vein and Dacron-patched carotid arteries was - 1.6% 
-+ 23.9%. This compares with a fivefold variability in 
wall thickness between patients for the two types of 
patch material as illustrated in Fig. 2. 
Fig. 3 shows the paired by patient carotid wall 
thickness in ascending magnitude during the second 
year. The vein patch carotid arteries had a wall thick- 
ness of 2.12 + 1.78 mm (range, 0.6 to 5.8 mm) and 
the Dacron patch arteries 1.96 -+ 1.52 mm (range, 
0.6 to 5.4 mm, p = 0.91 and 0.88). As in the first 
year, the absolute within-patient difference in total 
wall thickness between vein and Dacron-patched ar- 
teries was small, -0 .16 _+ 0.51 mm (p = 0.77). The 
percent difference was -4.0% + 34.4%. 
Seventeen patients had bilateral eccentric wall 
thickening with the maximum value on the wall op- 
posite the patch. Five patients with wall thickness 
<1.0 mm had a uniform circumferential distribu- 
tion. Patient number 22 of Figs. 2 and 3 had bilateral 
concentric wall thickening in the first year and was 
the only one to progress ignificantly between the 
first and second year. Even though this patient had a 
residual lumen of 3.4 mm, the peak systolic velocity 
b)as only 70 cm/sec; No patient had a peak systolic 
velocity >110 cm/sec. 
The absolute within-patient difference in wall 
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Fig. 3. Wall thickness of common carotid bulb in second year after CEA in 12 patients. Patient 
numbers correspond to those in Fig. 2. 
thickness between the first year and the second year 
was -0 .16  +- 0.91 mm (p -- 0.36) for vein patched 
arteries and -0 .03  + 0.80 mm (p = 0.90) for Dac- 
ron patched arteries. The percent differences were 
-0.4% _+ 40.4% for vein and -2.6% + 38.1% for 
Dacron. 
Similar to earlier findings 2° there was a slight but 
not statistically significant increase in the common 
carotid bulb diameter between the first and second 
years. In the first year the 23 vein-patched arteries 
had a diameter of 12.9 -+ 1.9 mm, and in the second 
year 12 of these measured 13.3 _+ 1.9 mm. The 
percent increase in the 12 diameters was 1.7% _+ 
8.9%. Similarly the common carotid bulb diameter of 
the 23 Dacron-patched arteries was 12.6 _+ 1.4 mm 
in the first year and 13.2 + 1.4 mm for the 12 in the 
second year. This is a percent increase of 2.3% _+ 
7.7% for these I2 arteries. Similar to previous find- 
ings 2° the common carotid bulbs were larger in the 
first year after CEA than they were at the time of 
surgery. The diameter of vein-patched arteries in- 
creased 13.9% + 10.6%, and that of Dacron-patched 
arteries increased 9.5% -+ 8.2%. However, some of 
these differences may be due to the two different 
measurement techniques. Intraoperative measure- 
ments were made with a caliper, and later measure- 
ments were made with B-mode ultrasonography. 
Multivariant analysis of the systemic risk factors 
hypertension, coronary artery disease, previous ciga- 
rette smoldng, current cigarette smoldng, and diabe- 
tes mellitus showed that the only systemic risk factor 
significantly correlating with wall thickness was con- 
tinued smoldng (p = 0.03). All nine patients who 
continued to smoke were men. The mean wall thick- 
ness for continued smokers was 2.16 mm, for previ- 
ous smokers 1.47 mm, and for nonsmokers 1.39 mm. 
D ISCUSSION 
The results of this study demonstrate that the 
type of material, autologous, greater saphenous vein, 
or knitted Dacron, has no measurable influence on 
the degree and circumferential distribution of com- 
mon carotid bulb wall thickening in the first two 
years after CEA. The mean within-patient difference 
in wall thickness between sides was small, 0.1 mm to 
0.2 mm. This is in contrast to a relatively large 
between-patient difference of wall thickening of up 
to 5.5 ram. The probability of a type I I  statistical 
error [~ approaches zero in the first year and is 0.34 
(34%) in the second year, when the chance of a type I
error e~ is 5% (~ = 0.05). These data indicate that 
knitted Dacron patch CEA reconstruction is equiva- 
lent to autologous greater saphenous vein patch re- 
construction in terms of the influence, if any, of 
patch material on the wall-thickening response of the 
endarterectomized arterial wall. 
This is a unique study because it allows within- 
patient analysis of the wall thickening response to 
bilateral CEA with a Dacron patch on one side and a 
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vein patch on the other. Patient-derived systemic risk 
factors are identical for both sides. The technique of 
CEA except for the patch material was similar for 
both sides, and the time interval between the two 
operations was short. The finding that continued 
smoldng is the only risk factor independently and 
statistically significantly associated with increased 
wall thickness after CEA is not surprising. Dempsey 
et al. 22 recently reported a similar observation. 
The common carotid bulb total wall thickness 
measured in this study (1.7 -+ 1.0 ram) is similar to 
the 1.6 + 0.8 mm previously reported in 346 CEA. 2° 
In this study 2 (4.3%) of  46 arteries in the same 
patient had significant concentric wall thickening, 
similar to the 2.9% previously reported. 2° These mea- 
surements are also similar to the 1.7mm mean unop- 
erated common carotid bulb total wall thickness in 
60- to 79-year-old nonsmokers and the 2.01 mm 
mean total wall thickness in claudicators. 23Caps et 
al.24 have recently reported amean intima-media wall 
thickness of 0.65 mm in the common carotid bulb of 
21 of  24 patients in the first 2 years after CEA. The 
intima-media wall thickness is the zone between the 
double line on B-mode ultrasonography and accord- 
ingly is less than the total wall thickness measured in 
this study. The three patients without a demon- 
strated double line and one with a double line had 
hemodynamically restenosis in the common carotid 
bulb in the region of the endarterectomy-produced 
stcp. 24 No attempt was made to measure thc intima- 
media wall thickness in the study presented herein, 
although the double line was occasionally seen. We 
were unaware of the meaning of the double line early 
in this study and have had difficulty identifying it. 
This may be equipment-related. Total wall thickness 
is much easier to measure but may not be as predic- 
tive of recurrent stenosis as is the absence of  a double 
line. 24 
B-mode ultrasound wall thickness measurements 
are subject to intraobserver and interobserver vari- 
ability. All measurements were performed by one of 
two highly experienced technologists. The intraob- 
server and between-observer variability of repeated 
measurements on the same arteries is 0.2 to 0.3 ram. 
This is less than the reported 0.4 to 0.5 mm depth 
resolution of the equipment. In this report ultra- 
sound evaluations were prospectively accepted or re- 
jected based on the ability to measure total wall 
thiclmess. The curser reads to 0.1 mm, so accuracy 
depends primarily on the technologist's judgment in 
placing it. 
It is interesting to speculate on why wall thickness 
and its distribution are almost identical in the two 
carotid arteries of an individual patient. Does this 
mean that autologous vein patches do not induce an 
endothelial surface on at least a significant part of  the 
endarterectomized wall? In human beings the de- 
gree, if any, of reendothelization after endarterec- 
tomy is unlcnown. Clowes et al. 25 demonstrated a 1 
cm endothelial ingrowth after arterial endarterec- 
tomy in rats. An approximate calculation of the aver- 
age post-CEA common carotid bulb circumference 
in this study is circumference = ~r diameter = :r 13 
mm -~41 mm. If the vein patch occupies approxi- 
mately 8 mm of the circumference, the number of 
degrees of circumference that is vein is approximately 
360 x (8/41) degrees = 70 degrees. Thus approxi- 
mately 290 degrees of the circumference is endarter- 
ectomizcd artery. A 1 cm endothelial ingrowth 
would cover 300 x (24/41)  degrees = 211 degrees, 
leaving only 149 degrees without endothelium. Al- 
though endothelial ingrowth may have occurred in 
vein patched arteries, it does not appear to favorably 
modify wall thickening. It is tempting to suggest that 
the eccentric wall thickness distribution observed in 
74% of the arteries in this study was due to endothe- 
lial ingrowth. However, half of  these arteries were 
patched with Dacron, and the wall thickness was 
almost identical in each patient. 
The wall thickness data in this report indicate that 
autologous vein patch reconstruction of CEA does 
not provide improved protection for restenosis over 
l~itted Dacron patches. However, the possibility 
that vein patch CEA reconstruction is superior to 
Dacron in terms of minimizing the incidence of early 
post-CEA internal carotid artery thrombosis remains 
an unanswered question. This may require a large 
randomized study to answer. My experience with 
more than 1000 CEA vein patch reconstructions has 
been one early asymptomatic internal carotid throm- 
bosis after primary CEA and one early symptom- 
atic thrombosis after CEA for restenosis. Despite 
these good results and the unknown incidence of  
early internal carotid thrombosis with a Dacron 
patch, I currently use more knitted Dacron patches 
than saphenous vein patches because of  patient 
complications with leg incisions. Until Dacron 
patch CEA reconstruction has been shown to have 
the same very low early postoperative internal ca- 
rotid thrombosis rate as does greater saphenous 
vein, the choice of  patch material will remain con- 
troversial. This study indicates that Dacron and 
greater saphenous vein patch CEA reconstruction 
may have very similar early wall thickness out- 
comes in a given patient. From this perspective 
both materials are acceptable. 
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